severe maximum acceptable concentration (3 -10 µg l -1 ), 7 due to its extremely high toxicity. Thus, Cd is one of the suitable elements to evaluate the performance of BN substrates.
In this work, PBN and NBN platforms attached to a commercially available graphite furnace for a fork PG platform were prepared to compare the ETAAS data under similar thermal conditions. After the fundamental properties of the PBN and NBN platforms were examined and compared with those of the PG, the NBN platform was also tried with the aim of developing a method for the direct analytical monitoring of Cd in environmental water without any chemical modification.
Experimental

Instrumentation
A Hitachi Model Z-8000 flame and graphite furnace atomicabsorption spectrometer equipped with a Zeeman-effect background corrector, and an optical temperature-controller system (Hitachi Model 180-0341) were used. Twenty microliters of a sample solution were injected by an autosampler. A Cd hollow-cathode lamp (Hitachi 208-2008) was used as a radiation source. A wavelength of 228.8 nm, a spectral bandwidth of 1.3 nm and a time constant of 0.02 s were employed.
A pyrolytic graphite-coated graphite furnace (Hitachi part No. 190-6007) for a pyrolytic graphite fork platform (Hitachi part No. 190-6008,) was utilized throughout. The optimum furnace program is shown in Table 1 . The temperature was measured using a Chino Model IR-AH1S radiation thermometer and a Pt-Rh thermocouple. For this thermometer, the wavelength was 960 nm; the uncertainties of the thermometer were 0.5% from 870 to 1500 K, 1.0% from The analytical performance of pyrolytic and non-pyrolytic boron nitride (PBN and NBN) platforms, attached to a commercially available graphite tube furnace, in electrothermal atomic absorption spectrometry (ETAAS) for Cd was studied. Although the tolerable pyrolysis temperature was 300˚C with the conventional pyrolytic graphite platform, it increased to 600 and 950˚C with the PBN and NBN platforms, respectively. The lifetime of the ceramic platform was 500 firings. The NBN platform provided an enhanced sensitivity with a better reproducibility than others. Using the NBN platform allowed the LOD, based on the variability of the blank (3σ), to be 0.1 µg l -1 within a seawater matrix (20000 mg NaCl l -1 ) and a constant sensitivity in the range 0 -30000 mg NaCl l -1 . Good recovery in the range of 90 -105% was observed for Cd (2.0 µg l -1 ) spiked into sea, estuarine and river water samples using the recommended procedure. This work proposes that using the NBN platform allows the direct monitoring and control of contaminated water for Cd by ETAAS without any chemical modification. 1500 to 2300 K and 2.0% from 2300 to 3300 K. A NEC PC-9801UV personal computer was used to record the temperature profiles of the furnace with the radiation thermometer through a RS-232C interface. Each measurement was repeated 5 times.
The water was purified with a Milli-Q Academic system after being deionized by an Elix 5 system (Millipore Co., Inc.).
Ceramic platform
An NBN plate (5.0 × 20 × 1.0 mm) with a sample compartment was made by a hot-pressing technique with highpurity BN powder without binders (Showceram ® UHS-FL, Showa Denko Co. Ltd., Tokyo, Japan). The PBN plate (5.0 × 20 × 1.0 mm) with sample compartment was made by a chemical vapor deposition technique (Shin-Etsu Chemical Co. Ltd., Tokyo, Japan). The tolerable working temperature is suggested to be less than 2200 and 3000˚C for NBN and PBN, respectively. A diamond grindstone (Nishinihon Dia Co. Ltd., Fukuyama, Japan) was used for grinding the BN plate. There had no effect of vibration during the atomization cycles upon fixing the ceramic platform.
Reagents and samples
An aliquot of a commercially available stock solution of 1000 mg l -1 of Cd (Kanto Chemical Co. Ltd., Tokyo, Japan) was properly diluted with 0.1 mol l -1 nitric acid before use. Nitric acid of atomic-absorption spectrometry grade was used (Kanto Chemical Co. Ltd.).
A seawater sample collected around 300 -400 m deep in the Pacific Ocean at Cape Muroto in Kochi, Japan was provided from Kochi Prefectural Deep Seawater Laboratory. This seawater was frozen in a freezer before use. A coastal seawater sample was collected at Komatsu beach, Tokushima, Japan. River and estuarine water samples were collected in River Yoshinogawa, Tokushima, Japan. The water samples were chilled in a refrigerator.
Recommended procedure
Seawater samples were adequately diluted with Milli-Q water for Cd measurements. Cadmium was added into the seawater at this dilution.
A 20 µl sample was introduced by an autosampler. The atomic-absorption data were measured under the optimum furnace program finally selected for the Cd determination (Table 1) without any chemical modifier. Figure 1 shows a schematic diagram of the BN platform prepared in this work, which was attached in a commercially available graphite tube furnace for folk platform atomization. The BN platform was producted by grounding a BN plate with a diamond grindstone.
Results and Discussion
When the temperature on the PBN, NBN and PG platforms during the pyrolysis stage in the optimum atomizer temperature program (Table 1) was measured in the range of 200 -1000˚C pyrolysis with that on the inner wall of the graphite-tube furnace, the platform temperature was in agreement with that of the graphite-tube wall. The heating rate during the initial stage was monitored with a radiation thermometer (radiation factor = 1.00). The heating rate for the platform was corrected. The heating rate was estimated to be 1990˚C s -1 for the PG platform and 1770˚C s -1 for the PBN and NBN platforms. In the atomizing stage, the heating rates of the PBN and NBN platforms were slower than that of PG. The lifetime of the ceramic platform was 500 firings under this temperature program. a. Observed temperature.
b. An optical temperature controller was used. to decrease at a temperature of 300˚C, corresponding to the vaporization of Cd metal (m.p. 321˚C). 8 The tolerable pyrolysis temperature was 600˚C with the PBN platform; in the case of the NBN platform it was 950˚C, which was suggested by the thermal decomposition of CdO (d.p. 900 -1000˚C). 8 The effects of the atomizing temperature on Ai and Amax of 5 µg l -1 of Cd were tested at a pyrolysis temperature of 320˚C. The effect of the atomizing temperature according to the optimum atomizer temperature program is shown in Fig. 2(b) . For the NBN platform: Ai began to increase at 900˚C; a constant value was obtained in the range 1800 -2100˚C and Amax began to increase at 900˚C; a constant value was obtained in the range 1500 -2100˚C. Thus, atomizing temperatures of 1200 and 2100˚C were used to compare the platforms. The appearance of a maximum point at 1200˚C atomizing resulted from a broadening of the atomic-absorption signal. The relative values of Ai and Amax for 5 µg l -1 of Cd are summarized in Table 2 . The calculated limit of detection (L.O.D.), defined as the concentration for 3σ, the relative standard deviation (R.S.D.) and the sensitivity (characteristic mass and mass to 1% absorption) for Cd are summarized in Table 3 . A better L.O.D. was obtained for the Ai with the NBN platform.
Within a diluted seawater matrix of 1000 mg NaCl l -1 , the effect of the pyrolysis temperature on Ai and Amax of 5 µg l -1 of Cd is shown in Fig. 3 . Although Ai began to decrease above 700˚C with the PG platform, for the PBN and NBN platforms it began to decrease above 450˚C, corresponding to the vaporization of CdCl2 (m.p. 568˚C). 8 Since the relative absorbance values at 320˚C pyrolysis are 1.01 and 1.95 for PBN/PG and NBN/PG, respectively, using the NBN platform provided a better sensitivity for the seawater sample. The effect of the atomizing temperature was tested in the presence of a seawater matrix of 7000 mg NaCl l -1 . The value of Ai began to increase at 1050˚C and a constant value was obtained in the range 1200 -1400˚C; it then decreased. The value of Amax was nearly constant in the range 1200 -1900˚C. The optimum atomizing temperature was selected to be 1250˚C.
The calibration curve of Ai = 0.103[Cd] was obtained with a diluted seawater matrix of 20000 mg NaCl l -1 under the optimum atomizer temperature program, as shown in Table 1 , where [Cd] is defined as the concentration of Cd in µg l -1 . The curve of Ai = 0.0991[Cd] was obtained without a matrix. A similar sensitivity was found. The L.O.D. value were 0.10 and 0.03 µg l -1 of Cd with and without the matrix; this difference is due to the S.D. of the blank. The dynamic range was extended until 5 µg l -1 of Cd in these matrices. Figure 4 shows that Ai maintained a constant value up to a diluted seawater matrix of 30000 mg NaCl l -1 with a better R.S.D. of less than 3% under the optimum atomizer temperature program.
To examine the possibility of direct monitoring in environmental water samples, recovery tests of 2.0 µg l -1 of Cd added into sea, estuarine and river water samples were carried out. The sample solution was prepared according to the following procedure: 5 ml of the sample was mixed with 5 ml of a Cd solution (0 or 4.0 µg l -1 within 0.2 mol l -1 HNO3). Using the working conditions, the recoveries for 2.0 µg l -1 of Cd added to various water samples were studied. The results are given in 1757 ANALYTICAL SCIENCES DECEMBER 2004, VOL. 20 
